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FALL CHINOOK SAIMON SPAWNING IN THE

COLUMBIA RIVER NEAR HAWFORD 1947-1969.

D, G. Watson

ABSTRACT
There was no evident relationship between the operation of the
Hanford reactors and the numberé of fish spawning in the Hanford reach
of the river. Recent increases in numbers of fall chinook spawners
seemed more closely associated with the construction of dams down-
stream and immediately upstream from Hanford, and the probably displace-
ment of fish from these areas. Water temperatures were less than 15°

C during the peak of spawning, well within the upper tolerance limits

for this species.
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FALL CHINOQOK SAIMON SPAWNING IN THE

COLUMBIA RIVER NEAR HANFORD 1947-1969,

D. G. Watson

INTRODUCTION

The effects of the Hanfcrd atomic reactor effluents on the Columbia
River biota hawve been studied since 19L5, shortly after the start of
reactor operation in 19kL. These studies have dealt with the radiation
effects, which received particular emphasis during the early years because
of the paucity of informaticn on aquatic radiobiology; the chemical effects,
especially that of dichromate, an additive to the reactor cooling water;
and thermal effects, which have received more attention in later years
due to the recent concern with the effects of heat on water quality and
natural envircnments. The effects of heated discharges on anadromous
fish, with particular reference to Hanford has been reported by Nakabtani
(1).

It was reccgnized early that the reactor effluents may be potentially
narmful fto the Columbia River fish. Spezial attention has been directed

at the chinock almon (Oncorhynchus tshawvytscha}, because of its economic

importance, its relatively high sensitivity to pollution and i%s use

of the Hanfcrd reach fer spawning. The population of £all chinooks
spawning near Hanford has greater exposure to reactor effluents than
other anadromous fishes in the Columbia River. The adults may be resident

in the Hanford reach for up tc three months, and the early 1life stages,



from egg to juvenile migrant are in the area from five to seven months.
Observations on the local salmon stock were begun in 1946 by means of
aerial survey of their spswming grounds. The objective of the first
year's survey was to locate the spawning areas. In subsequent years
attempts were made to estimate population size through the use of the
numbers of redds (nests) counted as a population index. This report
summarizes the results of surveys made of the locally spawning fall

chinock from 1947 to 1969.

METHODS

Estimates of the locally spawning populiation were made each fall
in the section of river between Richland and Priest Rapids (Figure 1}.
From one to seven surveys were made each year with a light fixed-wing
aireraft fiying at 800 to 1200 feet {2kl to 366 m) altitude, and at
air speeds of 75 te 100 miles {120 to 151 kxm} per hour. When salmon
redds were widely spaced, they were enumerated individually; but when
they were close together or cverlapping, they were counted in units
of ten. On each survey two or more counts were made of areas of heavy
spawning. The angle of approach of the airplane to the area of interest
was varied to obtain optimum visibility. Water depth and turbidity,
wind action on the water and light reflection from the water surface,
and stability of the aircraft were some of the varisbles that 1limit direct
comparison of survey results. The freshly excavated redds appear from
the air as light colored, regularly shaped circular or oval areas that
stand out in contrast to the normally darker algae covered river bottom.
They remain visible for approximetely six weeks before their surface

fg recolonized by algae growth. As pointed out by Bevan (2) aerial
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surveys are most useful in obtaining a relative index for determining
general year-to-year changes In population density, but are of limited
value for determining total numbers in any one year,

Spawning generally extended from about the middle of October +to
the second or third week in November. However, Hanson (4) reported two
pulses of spawning activity in 1958. The first cceurred about two weeks
earlier than usual, with the start of spawning in the last part of September.
Early spawning was al3o ncted in other areas in the Columbia River systém
‘cp oib.ji i1n 1958. Chamwbers et 2i. icited by Smith 5 reported early

spawvning fall chinaook in ths a

#

Tificial shannel at Mclfary Dam in 1658,

Counts were made by the author in ail buwn four of the twenty-three
years of chservation, thereby reducing individual differences, Counts
wers made by R. F. Teeter in 1947 and 19h8, and by W. C., Hanson in 1957
and 1958,

The +onal redd count Jor any one seagon 18 definaed as the sum of
the maximum number 2f redds observed in eazh of the several spawning
areas regardiess of the partizular survey on which the highest number
vas sbserved. This approach was judged to be preferrable to taking the
greatest number obtalned on cne of several surveys of the Hanford reach
becsuse changing conditicng, particularly water depth and weather, often
oecurred during the course of & single flight. A factor of seven was
usad to convert numbers of redds to numbers of fish. This factor was
calculated from the difference in fall chinook passage over MeNary and
Ice Harbor-Priest Rapids Dams, and an estimated 25 percent "unaccounted
Por" fraction of the run in this pari of the river. It is in reascnable

agreement with the factor of 8.5 developed by Meekin {3) for main stenm
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Columbia River spawning above Rocky Reach Dam in 1966.

Several unsuccessful attempts were made to use photography as an
aid for estimating the numbers of salmon redds. Water depth and turbidity
were limiting. Much of the local spawning took place at depths greater
than five meters. Meekin (6) has reperted chinook spawning at a depth
of ten meters in the middle Cclumbis River., Techniques for measuring
differences in color density on the river bottom are being developed

by Battelle and may offer some improvement in future aerial survey work.
RESULTS AND DISCUSSICHN

Reactor Operaticn

The primary objective of this study was the examination of the effect
ol reactor operation on the local salmen population. Radicactive isotopes,
chemicals and heat ars introduced into the river in the reactor effluents.
The amounts and rates of effluent discharge and effluent temperatures
ars not available in s unclassified form because of their direct relationship
ie reactor production rates.
The number ¢f oparating reactors, which has varied widely over
the twenty-three yeers of salmon zurvey, i3 used as a rough index of
the amount of effluent discharged to the river. This does not imply
a direct linear relaticnship between number of reactors and effluent
dischargs but only indicates a general direct relationship. Figure 1
shows the reactor locabtions, dates of cperation, and gecgraphical relationship
to the principal spewning areas in the Hanford area. From 1944 to 1955,

two to six reactors were operating; 1955 to 1964, eight reactors; nine,
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the maximum, in 19643 and a reduction to only three in 1969. Another
reactor was slosed in early 1970, leaving only two remaining, one of
which releases heat but not chemical or radicactive materials. The
major spawning areas between kilometer 585 to 505 are downstream from
the effiuent cutfalls and have been subjected to incompletely mixed
effluents. In several years salmon spawning was observed within 100
meters downstream from an effluent outfall. The reactor effluents are
dlscharged at the river bottom near mid-channel and are quite rapidly
mixed with the river waber. Because of their warmer temperature they
tend to rise to the river surface near the point of discharge, thereby
reducing their inrluence on the river bottom near the point of discharge.
The relsticnship between the number of operating reactors and the
redd counis are shown 1n Figure 2. The marked rise in numbers of spawning
salmon during 1945 to 1569 s not considered to be related to the decrease
in reactor operation during that pericd, but due so other fashtors, such
ag digplacement frem other main stem spswning ar=as, which will be discussed
later. X7 one assumes that there have been no cuiside influences cn the
slize of the locael spawning stock, such a3 recruitment from other main,
stem spawning areas, the rise in the adult population in 1965 to 1969
must be a reflection of the success of spavming in 1961 to 1965, a period
of near maximum reactor operaticn. A more realistic comparison bhetween
reactor operaztion and Lthe lccal salmen popuiation could perhaps be obtained
by shifting the curve, showing the number of redds in Figure 2, back three
or four years.
The areas selected for spawning in the seewion of the river receiving

reactor effluents have varied livtle over the years of observation, and
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have appeared to be independent of reactor operation. The yearly redd
counts for the major spawning areas are given in Table 1, and are expressed
as percentage of the total annual counts between Richland and Priest Rapids
in Figure 3. CGCreater stability in the percentage utilization of the major
spawning areas, particularly at km £00-605 and km 633, is apparent since

1959, Use of these areas may bz approaching thelir carrying capacities.

Effect of River Dams

It is an established fact thei Columbla River dams affect beth the
up and downstiream migration of anadromous fishes. These dams are listed
in Table 2.

In the Hanford area the yearly number of redds has fluctuated widely,
from a minimum of 6L in 1955 to ebout 4500 in 196S (Table 1). Priest Rapids
Dam, completed in 1959, appears to have influenced the distributiocn and

sxzze of the Hanford spawning populaticn, ZRefore 1959 an average of 17

rercent of the redds were found in the first suitable spawning area downsiream

km 633) from the dam site, but upstiream from the reactor outfaliz. Since
) D

-

the completion of the dam about bi percent of the spawning has taken place
in this area. From 1966 to 1969 the spawning ares velow Priest Rapids
Dam has been very heavily seeded, with nearly complete overlapping of
the redds. It is possible that the dam presents a partisl barrier to
the upstream movament of adult fail chinoock, and has resulted in increased
spawning in the first suitable ares downstream. Schoning and Johnson
have reported the delay of upstream movement of salmon by a river dam
{T). A 6.3 percent fallback of spring chinook with only a 50 persent

reascent has been reported by Johnson at Ice Harbor Dam (8). The number
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TABLE 1. HANFORD FALL CHINOOK SPAWNING 1947-69
NUMBER OF REDDS
560-570 KM¥ 596 KM 618 KM 633 KM
YEAR RINGOLD  588-592 KM WHITE BLUFFS 600-605 KM COYOTE RAPIDS MIDWAY OTHER TOTAL
1947 0 15 25 10 0 75 115 240
1948 120 330 38 219 0 25 53 785
1949 45 50 6 195 0 1 33 330
1950 24 43 38 151 3 46 11 316
1951 5 10 45 151 5 95 3 314
1952 73 101 40 221 3 78 23 539
1953 7 5 16 38 0 83 0 149
1954 4 5 127 0 6 7 157
1955 12 0 47 0 4 1 64
1956 0 3 7 59 0 17 6 92
1957 27 173 55 440 43 132 2 872
1958 49 249 133 520 192 258 83 1485
1959 1 0 36 101 32 111 0 281
1960 0 31 22 99 38 105 0 295
1961 0 27 43 201 23 640 4 939
1962 6 195 66 456 1 535 2 1261
1963 0 283 127 506 14 370 3 1303
1964 5 163 111 510 37 624 21 14171
1965 4 262 211 588 54 659 11 1789
1966 10 219 267 1206 37 1300 2 3101
1967 28 388 273 1192 17 1340 29 3267
1968 117 595 188 1069 52 1520 39 3560
1969 265 820 421 1446 50 1500 0 4508

*KILOMETERS FROM RIVER MOUTH

G-
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TABLE 2. COMPLETION DATES OF COLUMBIA AND SNAKE RIVER DAMS WHICH AFFECTED
ANADROMOUS FISH (TAKEN FROM: "THE 1969 STATUS REPORT OF THE
COLUMBIA RIVER FISHERIES", FISH COMM. ORE., AND STATE OF WASH.
DEPT. FISH., JAN. 1970)

LENGTH
YEAR GROSS HEAD OF RESERVOIR

NAME OF DAM INITIAL SERVICE METERS (FEET) KILOMETERS (MILES)

COLUMBIA RIVER
BONNEV ILLE 1938 18 (59) 2.4 (45)
THE DALLES 1957 26.2 (86) 49.9 (31)
JOHN DAY 1968 32 (105) 122.3  (16)
McNARY 1953 26.2 (86) 98.1 (61)
PRIEST RAPIDS 1959 25.6 (84) 29 (18)
WANAP UM 1963 24.2 (80) 61.1 {38
ROCK ISLAND 1933 12.2 (40)1 33.8 (21
ROCKY REACH 1961 28.3 (93) 67.6 (42)
WELLS 1967 21.9 (72) 48.3  (30)
CHIEF JOSEPH 1955 53.3 (175) 82.1 (51)
GRAND COULEE 1941 104.5 (343) 243 (151)

SNAKE RIVER
ICE HARBOR 1961 29.6 (97) 51.5 (32)

115.51\/’\ {51 FT) HEAD BEFORE COMPLETION OF WANAPUM DAM

TT
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of fallbacks may vary with dam and river flew bui probably occurs to some
degrze at all dams. These fish that do not resscend Priest Rapids Dam
may spawn in the area downstream.

The increase in the utilization of the spawning area immediately
downstream from Priest Rapids Dam does not seem tc have occurred at the
expense of the areas belcw the reactors (Figure L), There has been an
appreciable increase in the numbers of spawners below the reactor areas,
parcicularly since 1962, In addition tc the contribution from possible
fall-back of fish from Priest Rapids to the Hanford reach, the destruction
of main stem spawning arsas by dams downstream has probably aiso contributed
%¢ the larger numbers of spawners in vecent years {See Fig. 1 for dam
location and Table 2 for date of compietion).

Colncident with the establishment of The Dalles Dam in 1957 there
was 2 sSharp incresase zn the fall chinock rin over McNary Dam {Table 3).

. 3 - e
Davzdszeon 9! reported an inoresse in sscapement above The Dalles due to

w

Indian

Hy

the elimination cf ch

423

lshery a% Csiile Falls, which was flcoded

by The Dallss Dam. Mathews and Paulik .0} have suggested *hat the increase
at McWary in 1957 and thersafter was the result of upstream displacement

of spawners Irom the sestion of the Columbla River fiscded by The Dalles

Dam, snd the meore stringent regulstions on the fall rmun commercial gill

net fishery in the Columbia River. They also reported a similar substantial
increase in the fall chinook passing Rock Tsland Dam in 1957, and a greater
increase in 1960 to 1962, af+er the completion of Priest Rapids Dam but
before the completion of Wanapum Dam in 1$63. Mcst of the main stem spawning
between Priesti Rapids and Rock Island Dam before the establishment of

Priest Rapids Dam was in the section of river upstream from the Wanapum Dam
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TABLE 3. RELATIONSHIP OF FALL CHINOOK PASSAGE BETWEEN COLUMBIA RIVER DAMS
AND MAIN STREAM SPAWNING FROM McNARY DAM TO ROCK ISLAND DAM
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site. Mathews and Paulik (10) concluded that the presence of the Priest
Rapids reservoir or consiruction activity in the Wanapum area may have
forced fish over Rock Island Dam in 1960 to 1962. Davidson (9) noted

a rise in the Rock Island count in 1963 to 1965, probably due to upstream
displacement of fish from the destroyed spawning area between Wanapum

and Rock Island Dams. A similar upstream displacement of The Dalles spawners
to the Hanford area may alsc have occurred.

Another source of recent recruitment to the Hanford spawning populaticn
may have resulted from the upstream displacement of the main stem spawners
that utilized the area upstream from the John Day Dam site prior to the
establishment of the dam in 1968. TFall chinocok tagging studies reported
by Smith (5) showed that approximately 35 percent of the fish passing The
Dalles Dam in 1965 were not accounted for at McNary Dam; and that this
difference could not be assigned to tribuzary spawning. Fredd (11) and
Junge {12} have also pointed out that significant intra-dam salmon losses
aceur that can not be acccunted for by either main stem spawning or migration
into tributary streams. Washington State Department of Fisheries gerial
surveys of the John Day section of the Columbia from 1957 to 1961, as
cited by Smith {5), show fall chinook counts ranging from 2 to 429k fish
and redd counts from 8 to 906. It was estimated that 10,000 fall chinocok
spawned in this part of the river in 1959. Fulton (13} estimated an average
spawvning population of 34,000 fish in the Columbia between MeNary Dam
and John Day Dam site in 1957-60, and ranked this section of the river
second to the Snake River in production of fall chinoock. This estimate
of spawning appears to be high, and would result in very iittle or no

loss of fish between the two dams, which, according to Fredd (11), is not
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the case., However, it seems reasonable t0 assume that part of this stock

was displaced upstresm to the Hanford area during the construetion and
completion of John Day Dam, and has contributed to the inecreased Hanford
spavning population since 1966. As pointed out by Fulton (13), the stretch
of river between the head of McHary Pool and Priest Rapids Dam is the

primary main stem spawning area remaining. Scme maln stem spawning does
occur above Priest Rapids. Meekin (il4) observed a tvotal of 177 redds

in the Columbia in 1969 beiween Priest Rapids and Rcck Island Dams. However,
scme of these may have been from summer chinecck spawning. The release

of fall chinook fry from the Washington State Departmen:t of Fisheries spawning
channel at Priest Rapids {(km 629) and their rearing station at Ringold

{km 565) may have contributed fish to the Hanford spawning stock. Priest
Rapids fry releases have varied from about 350,000 {1964} to over 7,000,000
11967 during the pericd 1963-68. Return sf the adults to she spawning
channel outlet stream has been negligible, however. Ringold fry releases

have ranged from 98,000 {1961) to 2,000,000 {1968} with adult returns of

7 to 1290. The contribution of these fry releases to the Hanford spawning
gtock is diffiszult o svaluate, but aduls returns to the rearing station

do not indicate runs of a size sufficient to explain the recent increases

in the Hanford population.

RELATTONSHIP OF REDD COUNTS TC ESCAPEMENT

The rfall chincok redd countg near Hanford can be compared with the
escapement above Bonneville Dam and the fall count at McNary Dam in Figure 5
and Table 3. The long-term trends, as computed by the method of least

squares, are ascending at all three locations. but the increase with time
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is much greater for the Hanford spawmers. There has been a significant

and steady increase in numbers of Hanford redds every year since 1960.
Although there has been a general increase during this same time at both
Bonnevilie and McNary it has not been as great as that of the Hanford
population.

The sharp rise in the Hanford stoek in recent years alsc can be shown

by ccmparing the observed redd counts with the brood years contributing
o the spawning return (Figure 6), The age compesition given by Junge

and Oakley {15}, cbtained from Oregon Fish Commissicn and State of Washington
Department of Fisheries age analysis of the commercial catch in the Columbia
1li~net fishery in 1957-64, was used %o estimate the zcnmributicn of the
several brcod years tc the number cf spawners returning in a given year,
With the exzeptzon of the 1660 return, all years since then have equaled

raturning spawners to parent fish. The oniy

2
]
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O
'.J
It
o
ot
| )
9]
&
+h

or exceede
years pricer to 1960 that had a greater than 1 te 1 ratic were 1957, 1958,

and 1959, the period immsdiately fcilcwing the completion of The Dalles

P

Dam, and the time of construction of Priest Rapids Dam. Since 1560 the
aversge return te parent ratio is slightly greater than 2. I{rsgression
soefficient = 1,893 for 1952-69]

A zimilar compariscn of fall chinegk returu o escapement, as derived
from adult counts ab MeNsry Dam (Figure T), shows a greaher than 1 to
1 ratio of return to brood year for all years sxcept 1961 and 1962, but
on only one year, 1939, did the ratio exceed two, ({regression noefficient =
0.959 for 1952-69} Factors affecting the abundance of the Hanford spawmers

are clearly not appliecable to the same degree on the run over McHary.
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The relationship of the Hanford population to escapement above Bonneville
is given in Table 3 (ratic G/B). In 1955 and 1956 the number of Hanford
spawvners was less than one percent of the Bonnheville escapement. Since
1960, there has been a sharp increase in the proportion of Hanford spawmers
to Benneville escapement, approaching 20 percent during the last four
years. This coincldes with the pericd of construction and first two years
of coperation of John Day Dam.

Btarting with the escapemenit cf fall chinock above Bonneville Dam
there was a decline in the number of fish pessing each succeeding dam (Figure 8).
The magnitude and pessible reascns for these differences have been analyzed
by Fredd {11). During the period from 1962 to 1969, the average numbers
of falil chinook pasgsing Ice Harbor-Priest Rapids Dams and the estimated
spawning nesr Hanford were abcut the same, about 15 percent of the Bonneville
escapenent. The average percentage at Ice Harbor is inflated by what
appsars To be an errcneously high count in 2962 iTable 3, columns 14 and
18}, The "unaccounted for" part of the run in the section of the Cclumbia
and Snakes Rivers bebtween McNary and Ice Harbor - Priest Rapids Dams is
giver in Figure 9. It is evident that the "unaccounted for' fish are
more closely associliated with the segment of the run passing up the Snake
River than they are with those continuing up the Cociumbia., The yearly
changes in the Ice Harber counts are inversely related tc¢c the "unaccounted
for" segment. The portion of the run continuing up the Cclumbia above
McNary has shown much less veariation than the Snake River run, and has
ranged from 50 to 60 percent of the McNary count., Numbers of fish spawning

near Hanford and those ascending Priest Rapids Dam are also inversely
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related. Whether this relationship is real, or merely reflects the apparent
recent upstream displacement of down river populations to the Hanford
area 1s unknown.

Part of the "unaccounted for" fish spawn in the lower Yakima River.
The lower 30 km of the Yakima were surveyed at the same time as the Hanford
area in 1961 teo 1969, and the results are given in Table 4., The return
of irrigaticn water to the lower Yakima River during the fall made the
water too turbid for good visibility of the river bettom, thus limiting
the effectiveness of asrial surveys. In 1969 ar eatimatad 2500 f£all chinook
spawned in the lower Yakima River, the maximum for the period of ovservation.
According to Meekin {1h) there is no fall chinock spawnlng upstream from
Prosser {river km 40} and none in the Walla Walls River, the =nly other
sributary to the Cclumbia in this region. Lower Yakima River spawning
may acenunt for up Lo 3 percent cf the fall passage over McNary Dam, however,

An average of 25 percent {range 13 tc 37 percent) of the fall chinook
in the Columbia between McNary and Ice Harbor-Friest Rapids were unaccounted
for {uncorrected for Yakima River spawning! duriag 1963-69, For spring
chinock {1962-6%) the average was 27 percant {rTange 15 to 40 percent),
and summer chinook 15 percent (range 6.5 tc 24 percsnt:. The "loss" of
fall chinook in this section of the Columbia is now much different than
that of the spring and summer runs, particularly if the fall spawming
in the lower Yakima 1s considered. Fredd (11} reported fall chinook "losses"
of 40 to 51 percent for this section of the river in 1963 to 1965, but

he did not account for the fish spawning in the Hanford reach.
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Table L

FALL CHINCOK SALMON SPAWNING IN THE

YAKIMA RIVER (LOWER 30 km) 1959-69

Year

1959
60
61
62
63
6l
65
66
6T
68
69

¥ Fish to redd ratio of 3, instead of T, used becgause of shallow depth

of the Yakdima River.

Number

of redds

29

108
40
66

i35

177

829

¥Number of

fish (redds x3)

8T
15
324
120
198
hos
531
186
2487
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Temperature, Flow, Blevation

The effects of the variables, temperature, flow, and fluctuating river
elevation on local salmon spewning are difficult to evaluate directly
because of other environmental changes that have occurred during the period
of study. Average weekly temperatures along with the maximum and minimum
daily temperatures for the river upstream from the reactors are shown in
Figure 10. These data were derived from temperature records reported
by Foster and Olson {16) for 1947 to 1958 and from measurements obtained
from the Atomic Energy Ccmmission-Geclegical Survey gauging station below
Priest Rapids Dam for 1960 to 1969. The maximum values represent the
highest average daily temperatures observed for the 1947-69 period and
are not necessarily typical of any single year. During the normal spawning
period, beginning in some years as early as the first week in October,
mean weekly temperatures were about 15.5 °C and the maximum mesn daily
remperature slightly less than 18° C, In Figure 11, the upstream temperatures
are compared with those at Richland for 1965-69, The weekly means at
Richiand are about 1° C higher than those upstream from the reactors during
the start of spawning. Maximum daily temperatures of nearly 20° C have
been measured in September. A difference of approximately 3.5° C has been
reported for a single day in September 1966 by Davis and Snyder (17J). The
temperature differences between Priest Rapids and Richland are not entirely
due to the heat introduced into the river by the reactors. In July and
August of 1966 when all reactors were shut down due to a labor dispute,
Riehland temperatures were about 1.7° C greater than those at Priest Rapids

and were the result of natural heating of the water, probably from insolation.
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The effect of upstream dams on river temperatures nas been reviewed
by Jaske and Goebel {18).Low-head reservoirs have not produced amy significant
change in main stem Columbia River temperatures, but the creation of Lake
Roosevell back of Grand Coulee Dam has delayed the time of maximum temperature
about 30 days and has reduced the annual variance. A further shift in
the season of iemperature maxima artter the completion of the Canadian Treaty
Dams is also expected. This may be of ecclcgical glgnificance to main
stem spawning populations.

The mear weekiy water temperatures {upstiream from the reactor cutfalls)
at She start, pezk and end of spawning are shown in Table 5. The average
Ttemperature at start of spawning was 15.4° C, with a magimum of nearly
19° C cbserved in 1938. The maximum observed temperature is prcbably
n error due o the upstream dxifh of heated effluents tc the area where
the temperaturss were messured in 19538, By ihe pesk of spawning, Temperatures
averaged 13.4° £ with a maximum of 15.1% C, and Sy the end of spavaing
average vemperature decreased To 10.4° C with the maximum of 11.4° ¢, Peak
of =pawning temperaturas wers aighsr than the 12.3° ¢ recommended VPPEr
limit suggested by the Fish and Wildlife Service {19}, but were belew the
16° C preferred wpper 1imit for Pacific saimon repoerted vy Novotny and
qucted by Davis and SnyderilT). Temperaturs tests conductad by Coutant
{20) indicate that prolonged exposure to Temperatures above 21° ¢ would
be directly lethal to chincok jJack, In recent times f£all temperatures
¢f the msin stem Columbia nearly always have been greater than 12.8° C
during the spawning season, and were probably so before the coming of
dams, irrigation projects, industry and auclesr reactors. Fall chinook

passing thrcough the lower Snake Riwer are commonly exposed to temperatures



TABLE 5.

1

PHYSICAL CONDITIONS OF THE COLUMBIA RIVER UPSTREAM
FROM THE REACTORS DURING SALMON SPAWNING

BEGINNING PEAK END
FLOW " DAILY CHANGE IN ELEVATION TEMP. °cC TEme. °c

YEAR WEEK X10°3 m3fsec (FT3/sec) _m__  _{FT) TEMP. %C_ {0CT.29-NOV.4) {NOV. 19-25)
1950 *0CT. 15-21 1.94 (68.4) 15.0 13.1 9.8
1951 0CT. 15-21 2.21 {80.2} 14.5 12.1 9.6
1952 0CT. 15-21 1.60 156.4} 15.8 14.3 11.3
1953  0CT. 15-21 2.16 (76.4) 15.4- 13.3 10.5
1954 *0CT. 15-21 2.13 (75.2) 13.4 12.3 11.0
1955 0CT. 8-14 1.91 167.5} 14.7 12.4 8.1
1956 *QcCT. 15-21 1,85 165.2) 14.8 13.4 9.9
1957 *0CT. 1-7 1.86 {65.5) 16.2 13.7 10.5
1958 *ocT. 1-7 1.85. {65.3) 18.9 15.1 10.6
1959 ocCT. 8-14 2.93 (103.6} --- --- ---
1960 SEPT. 24-30 2.36 {83.3) 0,61 {2.0) 16.8 13.4 10.6
1961  =-mem--e-e- --- - - - --- 12.8 9.3
1962 *0CT. 8-14 1.77 {62.6) 1.3 (4.4} 14.3 14.3 10.7
1963 0CT, 8-14 1.83 {64.5) 143 (4.1} 17.1 13.6 11.4
1964 OCT. 15-21 2.61 (92.2} 1,95  (6.4) 14.7 13.1 10.0
1965 0CT. 15-21 1.82 {64.3) 2,10 (6.9) 14.7 13.7 11.4
1966 0OCT. 8-14 2.12 (75.0) 2.59  (8.5) 15.1 13.3 10.8
1967 *o0c7. 15-21 2.15 (75.9) 233 (1.1). 15.4 13.2 10.8
1968 0CT. 1-7 2.44 (86.2) 1.95 (6.4 16.0 12.7 10.1
1969 0CT. 8-14 2.44 {86.3) 2,26 (7.4) 15.1 13.9 10.3
MEAN 2.11 {74.4) 1.84  16.0) 15.4 13.4 10.4

15EGINNING OF REDD EXCAVATION
¥ESTIMATED

o€
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greater than 20° C.

In laboratory tests conducted at Hanford, Olson and Foster (21) found
no excessive mortality when fall chinook egg incubation began at 16° C;
and no significant loss when incubation temperaturas were 2.2°% C greater
than the ambient Columbisa River temperatures downstream from the reactors.
Combs (22} lists 1k4.2 to 15.5° C as the upper threshold limit for incubation
of chinook eggs. Hanford temperatures at the start of spawning were near
the upper limit of this threshold, but by the end of spawaning and during
the most of the embryonic development and sarly life stages temperatures
were well below the upper limit.

During November 1954 through May 1955, temperatures were measured
in the river bottom gravel of a simulated salmon redd in a zone of incompletely
mixed effluent near river lm 591. Temperatures wers taken at 1.5 decimeters
abcve the river bottem and at 1.5, 3.8, 5.3, and 7.6 dm below the bottom
surface. The botitom gravel in the area where the temperatures were taken
was itypical of salmon spawning areas, although it was not used for spawning.
Basy access from shore and the proximity to an effluent outiall were the
convrolling factors in site selection.

Temperature profiles of the river hottom are shown in Figure 12.
Only infrequently did intragravel temperatures exceed that of the free-
flowing river, and this was usually at depths greater than thgt of normal
egg deposition. Burner (23) has reported average and maximum redd depths
of 2.6 dm and 4.5 dm respectively for fall chinocok in Columbia River tributaries.
During the period of egg and fry residence in the gravel {November-February),

the difference between the river bottom temperature and the water above was
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usually less than 1 °C. The gravel temperature at 1.5 dm was consistently
less than that at 3.8 dm or 5.3 dm depths, or that near the river bottom
in November through February. Differences between the river and the gravel
were as great as 3°C from March through May. For the November-May period,
river temperatures taken just upstream from the effluent outfall ranged
from 0.6 to kb °C less than that at the simulated redd.

Centinuous temperature measurements ware made at the same logation
in the fall of 1955 at 1.5 dm above the bottom and 3.8 dm in the gravel.
Temperatures at these points were essentially the same, although changes
in temperature within the gravel lagged 30 tc 60 minutes behind that of
the river, It should be remembered that these measurements were not necessarily
typical of any salmon spawning areas, and were markedly infinenced by the
fiuctuations in operation of the reactor immediately upstream. They do
suggest, however, that in areas receiving thermal additicns, temperatures
in the stream bentom are similar wo or less than %hat of the rirer proper.,

The diurnal changes in river elevaticn resulting frem variable water
release at Priest Raplds Dam has caused some redds $o be left ous of water
during low fiows. Daily changes in river elevation during the spawning
season were usually 2 meter or more {Table 5}, and maximum daily Ticw was
often more than twice the minimum. Gresiest ocbserved numbers of redds
exposed to the air were 3% and 17, in 1960 and 1964 respectively. Others
were noted in 1961 and 1967. Exposed redds could have gone unnoticed
on many surveys that were conducted during times of greater than 4daily
minimum river elevation. The siguificance of this redd =xpcsure as a cause

of egg mortality has not been determined. Meekin {6) reported no significant
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loss of developing embryocs in exposed chinook redds during low flows
in spawning areas downstream from Chief Joseph Dam in 1966-67. There
was sufficient ground water percolation at the depth of egg deposition
to sustain life. Some of the redds had been abandoned before any
spawning had taken place. Although the diurnal fluctuation in river
elevation may have little direct effect on the survival of the spawn,
it does tend to reduce the available spawning area.

Variaticn in the estimated number of salmon redds in the Columbia
River near Hanford was related by Gilbert §2ﬁ)to environmental variables
such as river temperature, flow and elevation at spawning, and to number
of operating reactors and dams downstream from Hanford. The basiﬁ approach
used was a step-wise regression which uses both simple correiation

and stgp-wise multiple regression techaiques. A computer program was

used in alil analyses. Gilbert emphasized that cause and effect relationships

can not be established by these fechniques, but sime knowledge concerning
the correlation of the variables may be cbiained.

Hanford fall chinook redd estimates were positively correlated
with escapement above Bonneville and McNary Dams, and with number of
dams downstream from Hanford. Redd counts were negatively correlated
with fall chinook passage over Priest Papids Dam and with number of
operating reactors (1962-69). No corrvelation. however, was found between
redd estimates and number of operating reactors for the period 194T7-60.
There was a slight negative correlation between redd counis and fall
chinook passage over Priest Rapids Dam. The above relaticnships may
or may not be real. Their wvalue lies in pointing out areas where more
intensive future studies shouid be made. High river rlows tended to
be agsociated with low redd estimates. This may be only a measure of

the effect of watar depth on the ability to see the redds and not a true
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estimate of the relationship of high flows on actual numbers of redds
present.

Gilbert's analyses were supplemented by Paulik (25), who used
a different method of selecting independent variables in the regression
equations, and different functional forms were used to represent the
effect of certain independent factors in the regression equations.
Paulik compared the rate of change with time in the several spawning
sub-areas within the Hanford reach of the river. Tne rate of increase
of the upstream arsa (km 633) was similar to thai at the next major
downstream area (km 600-605). He concludes that "these data provide
no evidence cf a reactor effect; if such an effect does exist, it is
masked by other events occurring during the period of cbservation'.
He further states "that dam construction during the past 23 years was
probably the critical factor controlling ths numbers of fall chinook
gpawning in the Hanford area'.

Future studies on salmon population dynamics should include more
of the variables Important to the surwvival cf the lccal stock., Sonme
estimate of the variability in redd counts will alsc be needed. Other

statistical approaches should be explored t¢ find one better than the

step-wise regression. Some better quantification of reactor heat discharge

and the effect of dam construction, other than number of dams and reactors

is needed to measure the effectsa of these wvariables on the Columbia

River salmon.
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CONCLUSIONS

1.

For the period 1947-69 there was no apparent relationship

between numbers of fall chinook salmon spawning in the Hanford
reach of the Columbia River and river temperature, flow or
elevation during the spawning season.

Cleosure of reactors immediately upstream from major spewning
areas did not alter the general distributicn of the spawning fish.
The marked increases in numbers of fall chinook using the

Hanford section of the Columbia for spawning since 1960 were
probably the result of a parsial barrier to upstream movement
created by Priest Rapids Dam, and the upsstream transiocation

of main stem spawning populations whese spawning grounds had

been eliminated by dams downstream from Hanford.

The increased uwilization of thsz spawning grounds immediately
dovnstream from Priest Rapids and upstream from reactor =ffluent
mrtfallis has not been at the expense of spawning within the area
of the river receiving effluents.

Since 1962, the "unaccountad for" porticn of the fall chinook
between McNary and Ice Harbor - Friest Rapids Dams has been
~comparable to that of the spring and summer runs. This "loss" of
fish was much more closely related to the portion of the fall run
entering the Snake River than to the segmeni of the run continuing
up the Columbia,

The success of the Hanford population during the 194T-69 period
was much better than the oversll fall run in the Columbia River,
as measured by the adult escapement above Bonneville Dam, or
since 1954, to the passage over McNary Dam. There was no

evidsnce, however, that this was due to any beneficial effect
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of the Hanford reactors.

The assessment of any subtle biological effects of the reactors
on the local salmon popuiation was not possible in a study of
this kind. Other changes in the ecology of the river, such as
those produced by dams, appeared to be of greater influence on
the numbers of locally spawning saimon than the reactor operation.
The Hanford section is the principal remaining main stem spawning
ares in the Columbia and is of major importance as a breeding
ground for fall chinook. Since 1962 an estimated average of 15
percent of the fall escapement above Bonneville and 33 percent

of the run over McNary have spawned here. It is therefore
important that study of this populaetion be continued and expanded

in the future to determine conditions necessary for their survival.
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